congenital abnormalities. 2, 4 Other syndromes associated with TCS include caudal agenesis, anorectal atresia, and VATER syndrome (vertebral anomalies, imperforate anus, tracheoesophageal fistula, and renal-radial anomalies).
Surgical sectioning of the filum has been reported to be safe and associated with a low rate of complications. When complications do occur, they include CSF leak, infection, or nerve root or spinal cord injuries leading to motor weakness, radiculopathy, or bladder dysfunction. Surgery frequently improves symptoms and may prevent future neurological sequelae. The operation involves release of the tension within the filum and is usually low risk. However, surgical management remains slightly controversial and should be offered on a case-by-case scenario. In this study, we used a national database to analyze demographics, complications, and outcomes in children and adolescents who underwent surgical correction of their TCS.
methods

Data Source and Cohort Selection
Children diagnosed with TCS during 2000, 2003, 2006, and 2009 were identified using the Healthcare Cost and Utilization Project's Kids' Inpatient Database (KID). KID, compiled by the Agency for Healthcare Research and Quality, is a nationally representative database that samples 80% of pediatric hospital discharges and 10% of uncomplicated births to increase the statistical power to detect and evaluate rare conditions among hospitalized children. Hospital discharges are weighted based on the sampling scheme to permit inferences for a nationally representative population. In 2009, the most recent year for which the KID is available at this time, the KID contained de-identified information for 7.4 million weighted discharges from 4121 hospitals in 44 states. Using ICD-9-CM codes, patients with a primary diagnosis of TCS (ICD-9-CM Code 742.59) and treated with a spinal laminectomy (ICD- 
Patient and Hospital Characteristics
Patient age, sex, and race; primary payer; type of admission (emergency/urgent, elective, or other); discharge disposition (routine, transfer, died, or other); and median household income were documented. Hospital level characteristics included bedsize, teaching status, region (Northeast, Midwest, South, or West), location (urban or rural), and children's hospital status. Children's hospitals included children's general hospitals, children's specialty hospitals, and children's units in general hospitals. Year of diagnosis for these patients was also documented in this study.
outcomes of interest
Mortality rate, non-routine discharge, complication rate (%), average length of stay (LOS), and total hospital charges were the main outcomes of interest. A non-routine discharge was denoted when a death, transfer, or other non-routine event was documented as the reason for discharge. The complications assessed in this study are listed in Table 1 .
Statistical Analysis
A descriptive analysis for the entire cohort (n = 7397) was provided for patient-and hospital-level characteristics. Univariate comparisons according to patient demographics, hospital characteristics, and outcomes were assessed using chi-square and Student t-tests. Multivariate analysis was performed for complications, length of stay, and non-routine discharge. A p value ≤ 0.05 was considered to be statistically significant. All analyses used SAS for Windows (version 9.1, SAS Institute Inc.).
results
demographics
According to the KID database, a total of 7397 patients with TCS underwent a spinal laminectomy in 2000, 2003, 2006, or 2009 in hospitals across the nation. Patient demographics are summarized in Tables 2 and 3 . The mean patient age was 5.7 years; 55.3% of patients were younger than 5 years, 21.5% were between 6 and 10 years, 16.2% were between 11 and 15 years, and 6.9% were between 16 and 20 years ( Table 2 ). More females were represented in this cohort (55.0%). Whites (64.4%) followed by Hispanics (18.9%) and blacks (6.6%) were the leading race categorizations among these patients; note that no race data were not reported for 25.3% of the patients. In this cohort, 87.9% of patients underwent an elective spinal laminectomy, while 12.0% underwent emergency/urgent treatment. Common comorbidities included anomalies in spinal curvature (16.7%), urinary or bladder dysfunction (14.3%), epilepsy (3.3%), and spinal stenosis and spondylosis (1.4%) ( Table 4) .
Univariate Analysis
A majority of the patients undergoing spinal laminectomy for TCS had private insurance (58.5%), while 33.7% had Medicaid (Table 2 ). Hospital-level characteristics for all and cohort-specific patients are documented in Table 3 . Most surgeries were performed at large (49.8%) teaching (94.2%) hospitals located in an urban area (99.1%). A large fraction of patients were treated at a children's hospital (89.3%).
outcomes
Of the 7397 patients included in this study, 9 (0.12%) died prior to discharge and 243 (3.3%) had non-routine discharges. Non-routine discharges were significantly higher with increased age, increasing from 2.2% in those younger than 5 years to 9.0% in those older than 15 years (p < 0.0001). The average complication rate among all cohorts was 7.2%, and a positive trend can be seen with increasing age (Table 5) ; age groups 0-5 and 6-10 years showed a complication rate of 6.8% and 5.5%, respectively, while age groups 11-15 and 16-20 years showed a rate of 8.1% and 13.9%, respectively (p < 0.0001). Figure  1 outlines specific complication rates stratified by age and indicates a higher rate with increasing age among various complications including pseudomeningocele, urinary tract infection, pulmonary, procedure-related, and gastrointestinal. The older age groups also had longer in-hospital stays after surgery compared with the average of 3.8 days (range 0-87 days). The LOS averaged 3.5 days for patients 0-5 years, 3.7 days for those 6-10 years, 4.5 days for those 11-15 years, and 5.1 days for those 16-20 years (p < 0.0001). Mean total charges for the TCS patients undergoing spinal laminectomy were calculated to be $28,683 (SD $1196) and increased with age from an average of $28,521 in those younger than 5 years to $36,855 in those older than 15 years (p < 0.0001). There was a trend toward an increase in prevalence from 2000 (19.9%) to 2009 (29.6%). Table 6 presents results of multivariate analysis for complications, non-routine discharge, and LOS. The ICD-9-CM diagnosis codes for assessed complications are presented in Table 1 . Age and preexisting conditions were strongly associated with the odds of a complication. Older patients (16-20 years) had a 2.2 odds of experiencing a complication (OR 2.2 [95% CI 1.3-2.8]) compared with patients 6-10 years of age. Similarly, patients with a preexisting condition were twice as likely to experience a complication compared with patients without preexisting conditions. Age, type of admission, and type of insurance were all associated with the LOS. Younger patients (age 0-5 years: estimate −0.37), nonelective admissions (estimate −2.43), and nonprivate insurance patients (estimate −0.29) had significantly shorter hospital stays. Older age (OR 2.4 [95% CI 1.0-5.7]) was only mildly associated with the odds of a non-routine discharge.
Multivariate Analysis
discussion
Fatty infiltration or excessive tightening of the filum terminale undermines its normal function in stabilizing the spinal cord. The subsequent adhesion and tugging on the cord results in the symptoms associated with TCS. Such symptoms include neurogenic bladder, weakness, numbness, spasticity, spinal deformities, deformities in feet, and skin lesions. 1, 4, 9 Surgical release is an option that is widely practiced by pediatric neurosurgeons. From this descriptive analysis, we have identified patient age and the presence of comorbidities to be factors affecting surgical outcomes in children and adolescents undergoing surgical intervention for TCS. Although surgical intervention has been shown to be an effective treatment for patients with TCS, proper assessment of patients prior to surgery and risk stratification by age and comorbidities will help us better determine the risk of those with poor outcomes.
In this analysis of more than 7000 children with a diagnosis of TCS who underwent spinal laminectomy in 2000, 2003, 2006 , or 2009, we examined multiple factors including demographics, complications, and outcomes. We compared the association between complications, age groups, and the number of comorbidities. We find that most pa- tients were treated at large teaching hospitals in urban areas. Additionally, the overwhelming majority (89%) were managed at children's hospitals. The patient distribution over the years listed increased from 2000 (19.9% of our study population) to 2009 (29.6% of our study population), showing an increasing trend of surgical management of TCS in the pediatric population (Table 3 ). The increase could be speculated to be due to both surgeon and patient preferences, as well as to enhanced and ubiquitous use of imaging modalities. This pediatric population averaged 5.7 years of age, similar to what has been reported in a recent study, 9 with most patients (55.3%) younger than 5 years. We categorized the patients based on 4 different age groups for comparison (ages 0-5, 6-10, 11-15, and 16-20 years). There was a slight female preponderance in this study group, consistent with findings of Kanev et al. and Lad et al. 6, 7 However, more studies are needed to confirm this in the pediatric population as some studies indicate some variability in sex prevalence. 1, 9 Additionally, multiple studies (including this analysis) have shown much greater prevalence in Caucasians/whites compared with other races and ethnicities (64.4%, Table 2 ). 7 Of the patients analyzed, 7.2% had complications following initial spinal laminectomy. This complication rate is similar to what others have found and reported. 7, 9 Our data suggest a positive correlation between increasing age and risk for complications. On average, the 0-to 5-yearold group had a complication risk of 6.8%, while the 16-to 20-year-old group had a 13.9% risk (p < 0.0001). The risk increased in a stepwise fashion from one age group to the next older age group, although the 0-to 5-year age group had a slightly higher percentage than the 6-to 10-year age group. Our review of the KID database shows that complications following spinal laminectomy for TCS do not vary in relation to race, income, sex, insurance type, or institution type where the surgery was performed (Tables 5 and  6 ). This helps eliminate some potential confounders and provides more evidence toward the correlation between patient age and complications/outcomes. Kanev et al. 6 found a similar trend and concluded that surgery performed at an earlier age resulted in better outcomes, though at longterm follow-up, particularly in bladder function. Besides age, there was a significant correlation between comorbid conditions and the development of complications (Table  6 ). However, there was not a clear trend of increased comorbidities with increasing age. For instance, while the prevalence of urinary symptoms increased with age, the increase in prevalence of other comorbidities was inconsistent among the age groups.
An average LOS of 3.8 days was reported in our data (range of 3.5-5.1, Table 5 ). The 0-to 5-year age group averaged an LOS of 3.5 days, while the 16-to 20-year age group had a higher average of 5.1 days (p < 0.0001, Table  5 ). Again, LOS increased in a stepwise fashion from one age group to the next older age group. A similar trend in non-routine discharges was noted, with a continuous increase in its likelihood with age, from 2.2% in the 0-to 5-year age group and up to 9.0% in the 16-to 20-year age group. Additionally, older pediatric patients had higher total charges. Patients 16-20 years old were faced with an average total charge of $36,855 compared with the total average of $28,683 and $28,521 in those 0-5 years (p < 0.0001, Table 5 ). From these findings, we see more evidence supporting the theory that older patients with TCS who undergo spinal laminectomy are at an increased risk for complications, causing a longer LOS and more frequent non-routine discharges leading to greater total charges. 7 Previously Lad et al. 7 performed a similar study through the Nationwide Inpatient Sample. While our analysis focused on the pediatric population, a more commonly afflicted group, their study covered both the adult and pediatric populations. Their evaluation was focused on surgically managed patients with TCS treated between 1993 and 2002. They found a total of 9733 cases, with 5830 patients between the ages of 0 and 17 years, a number smaller than ours. Notably, patients who were 65 years or older had a higher risk of complications after surgery and longer LOS. They also had a higher likelihood of nonroutine discharge and risk of death on discharge. However, the elderly population is widely known to more likely be in poorer health with more comorbidities and other associations that can bring about such differences. On the other hand, a similar causality cannot explain the dissimilarities seen in our study between the different age groups; all the patients were in their youth without any expected variances in their overall health. The reasons for this occurrence could only be speculated. It can be hypothesized that older children may have more coexisting medical conditions than younger children. Another possibility is that the delay in diagnosis and treatment of TCS may result in more severe consequences and symptoms, worsening outcomes after surgery in older children. Along the same lines, TCS in older children and adolescents could represent a different disease entity from that in young children or a condition along the spectrum of TCS. In addition to age, the number of compounding comorbidities present increases the risk for postoperative complications, consistent with the multivariate analysis conducted by Lad et al. Bui et al. 2 summarized the common comorbidities in patients with TCS, which can include cutaneous manifestations, orthopedic abnormalities (i.e., leg-length discrepancy, foot asymmetry, foot deformity, and progressive scoliosis), and urological problems (i.e., neurogenic bladder, incontinence, and frequent urinary 2 Other common comorbidities include degenerative disc disease, spinal stenosis and spondylosis, anorectal abnormalities, split cord malformation, OEIS syndrome (omphalocele, extrophy of the cloaca, imperforate anus, and spinal malformations with TCS), VATER associations, and the Currarino triad (anorectal malformation, presacral mass, and sacral bone abnormalities). 1, 3, 8, 910 To date, no large-scale study has been conducted to determine the prevalence of these comorbid conditions with TCS.
Looking forward, this study shows the need for future research to focus on this correlation between age, comorbidities, complications, LOS, non-routine discharges, and higher hospital costs in children undergoing surgery for TCS. Our findings are highly suggestive that surgery should be performed, preferably at a younger age. Additionally, further follow-up is needed in regard to patients who undergo repeat operations for retethering and its possible association with the factors discussed above. It is more likely that older patients have a higher predisposition to developing complications, rather than having a different disease entity. However, it could also be likely that older children have a more advanced or undetected form of the condition with a different pathophysiology-an area that could be further investigated in future research. Aspects such as lesion type, lesion size, histopathology, and mechanisms of disease would be of interest for further evaluation. This and future research will hopefully result in reducing the rate of complications and hospital costs by helping physicians and surgeons better identify the risk a patient may have with surgery and determine if treatment is cost-effective.
limitations
There are multiple limitations to studies based on national databases such as KID. Although it covers a large patient population, it is retrospective in nature and only a limited amount of information can be obtained. For instance, clinical data on preoperative symptoms, radiological findings, and certain comorbidities are unattainable. These would help determine the methodology of treatment selection and identify patients who may require a certain treatment over another. Additionally, it is not possible to determine long-term outcomes such as relief of symptoms and clinical improvement at follow-up. Other limitations include missing data, possible coding errors of procedures and diagnoses, and possible overrepresentation of patients discharged repeatedly.
Conclusions
Our results, from a national database of children and adolescents surgically treated for TCS, indicate multiple significant findings. First, the operative management of TCS has increased in frequency over recent years. This could be due to both surgeon and patient preferences, as well as to the enhanced and ubiquitous use of imaging modalities. Second, there are a number of highly significant differences in outcomes between different age groups. This trend in different outcomes was observed with increasing age. All measures of outcome analyzed-LOS, non-routine discharges, complications, and hospital charges-were all significantly higher as patient age increased. This is highly supportive of surgery at a young age for this condition. It also begs the question of why such a finding exists and, more importantly, brings awareness to its presence to surgeons, specialists, and the health care system in its entirety. Future research should investigate this correlation, especially considering the efforts to control and reduce health care costs.
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